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ABSTRACT 


liacaca  mulatta  maakaya  wra  wpanxl  to  ^roatpt  ooutroB  ud  paiino  rmrttaMofc  from  tvo 
BuclMU'  dtonottono  (Projoct  S0.6).  At  «  ported  roaghly  two  yooro  pootlrrodUttoo,  dM  oonrt- 
rors  hart  boon  OTBiniiood  with  roo|wet  to  tooc-torm  oifocto.  Tha  proooot  cooditloB  oi  tho  oat' 
nudo  rolatlvo  to  cllxilcal  oppoorooco,  poiiphonU  hoByUotogy,  bohovior,  aad  otoroctotwnoto 
hu  boos  ovoluatod  aad  coovorod  with  tho  ocuto  offoeto  that  wore  ootod  aad  roportod  for  tho 
flrat  SO  dajra  foUawtag  oxpoauro. 

Rocovory  of  orythrold  ladlcoo  to  abot  WUoob  aanrlvora  waa  (i)  f— cttonally  coaaploto  by 
abowt  0  wooka  pootoxpoouro,  (1)  olfoctod  by  ^rodocttoB  of  largar  hyporchroiale  orythroeytoa 
with  a  Bormal  homo^obla  coocoatratlon,  aad  (3)  toUowod  by  a  pooalblo  aMierocytle  hyporchro- 
oilc  aaoBila  for  tho  naafortty  of  tho  0S<  to  MO-day  pootoapooaro  poiiod.  SUallar  phoaoaaooa 
woro  oot  oboorvod  la  tho  lowor-dooo  ahot  Plsoaa  oonrlroro. 

Lyaiphocytoo  of  tho  Boyolold  ooiioo  woro  tho  laat  to  orldoaco  rocooory;  tho  alaglo  aalatal 
that  diod  oxhibltod  a  ofoqoo  lyaiphocytlc  hypoplaala,  which  aiiggoota  a  dUforoaflal  attact  oa  tho 
procuroor  tlaaoo.  By  aboot  100  days,  whaa  tho  aqrolold  rocooory  waa  aiaaatlaliy  coavtoto, 
only  a  doprooaod  total  laiikocyto  cooat  rofloetod  aay  loaf  •torai  ofloct;  reladvo  popoiallcaa  of 
tho  coBipoaoBt  coUa  woro  aoraaal.  Aot  PUoao  aalaaila  aoldoacod  tho  doproofoaa/rotpoaao 
pattern  obeonroJ  la  tho  ahot  WUoao  aHlwala,  bad  ao  l«af>torai  dSfforoacoo  woro  apparoat. 

The  roottlta  with  roi^Mct  to  boharlor  paraaMtora  laclodo  (1)  dliforoacoa  oa  proil  ariaary 
Wlocooala  Ooaoral  Toot  Apparataa  tralatag  which  oapport  tho  hypoChoela  of  a  radfotfoa-ladacod 
cloratiae  of  re^oeso  tfcroohold  rafoao,  (S)  loaraiaf -porforaBaaco  dlfforoaeoo  la  tho  aaalo  radl- 
atioo  dooago  croopa  which  are  la  accord  with  prorlooa  roaaarchoo  oa  other  froopo  of  aaadbsya, 
(S)  oboonrod  (ttfforoacoa  botwooa  aaalo  aad  toyaalo  aaoakoya  oa  both  loanriaf  porforaaaco  aad 
froo-cago  boharlor  paraaiotora,  aad  (4)  a  radlatioa-tadocod  foclUtatloa  oa  slM  dla- 

ertariaattoa  probloiaa. 


I 


% 


ACKNOWLEDGMENTS 


Hm  MtlKin  (vUili  to  Um  coop«»tlan  ud  adTlc*  oUaliwxt  from  par- 

tlel|ttats  iB  Projocta  M.l,  M.S,  39.7,  awS  39.Ta;  wltbom  Uun  frM  axclaac*  of  d^ta.  •qulpeunt. 
■ad  paraoBMl,  tiM  original  atndf  could  not  havo  boon  accompllslMd.  b  thia  aama  ragard,  tha 
ovar-all  aaparvlalaB  and  adaaialatrttlYa  aapport  faralalmd  by  mambara  of  tha  Cini  Effacta 
Taat  Qroap  ataff,  aadar  tha  dlractiOB  of  R.  L.  CoraMa,  aa  vail  aa  Program  39,  contrlbutad 
Inunataarahtj  to  tha  aaccaaa  of  tha  vork.  Daring  tha  aarly  atagaa  cd  tha  atadjr,  W.  H.  Langham, 
W,  T.  Bam,  and  K.  Z.  Morgan  pira  ganaroaaly  of  thalr  Oma. 

li  addltlott,  tha  anthora  vlah  to  aekaovladga  tha  coofwratlan  and  aupport  of  tha  Oapaxtmant 
of  Badtobfoiofj  and  tha  Dapartmant  of  Ophthalmolcgy,  tchool  of  ATiatloa  Madlclaa,  and  tha 
Radlobtologieal  latboratory  of  tha  Ibiraralty  of  Taxaa  and  tha  U.  8.  Air  Forca,  Anatln,  Tons, 
in  carrying  oat  tha  lang-tarm  phaaaa  of  tha  atndy. 


CONTENTS 


ABSTRACT  .  .  5 

ACiMOWLJ^LaMSKTC  .  . 0 


CHAPTER  1  INTRODUCTION . 11 

1.1  Background . 11 

1.2  Objectives . 11 

CHAPTER  2  CLINICAL  OBSERVATIONS  12 

2.1  Mortality . 12 

2.1.1  Wilson  Sbot . 12 

2.1.2  Flseau  Sbot . 12 

2.1.S  Discussion . 12 

2.2  WelgW . 12 

2.3  Optathalmology . IS 

2.3.1  Introduction . IS 

2.3.2  Results . IS 

2.3.3  Dlscusstao . 15 

2.4  Other  Parameters  15 

CHAPTERS  HEMATOLOGY . 16 

3.1  Wilson  Sbot . 18 

3.1.1  Introduction . 16 

3.1.2  Resrflts .  16 

3.1.3  Discussion  of  Recovery  and  Loof-term  Enacts . 22 

3.1.4  Summary . ^ 

3.2  Flanu  Sbot . 28 

3.2.1  Introduction  28 

3.2.2  Materials  and  Methods . U 

3  2.3  Results . 28 

3.2.4  Discussion .  .  .  M 

CHAPTER  4  BEHAVIOR . 37 

4.1  Introduction . 37 

4.2  Methods . 37 

4.2.1  Subjects .  r 

4.2.2  Procedure . 37 

4.3  ReMUa . 40 

4.3.1  PreUBalaary  WQTA  Traimac . 40 

4.3.t  Dlscrlnlaation  ProblMM  vtth  Reduced  StUanlttS  Ceee  ....  40 


7 


CONTENTS  (Continued) 


4.9.3  StMtUal  D«Uy«d  R«cpon««  40 

4.3.4  VlcuAl  Acuity  Tosting .  ....  43 

4.3.5  3y*t«mAtlc  ObMrvatiODt  c(  B«fas7lor . 43 

4.4  Olecuciloti  . . ,  .  43 

CHAPTER  5  CONCLU8JONS  AND  RECOMMENDATIONS . 50 

5.1  Coociujlon*  ...  . 50 

5.1.1  Chnlcui  Ob»f‘rv4tloeis  50 

5.1.2  Rematoiogy  50 

5.1.3  Behavior . 50 

5.2  Recommeodatlona  .51 

5.2.1  Clinical  Obeervatlorui . 51 

5.2.2  Hematology . 51 

5.J.3  Behavior . 51 


ILLUSTRATIONS 

CHAPTER  2  CLINICAL  OBSERVATIONS 


2.1  Body  Weight  Chiuifea  In  Mookeya  Sxi>oaed  to  Nuclear  RuHatlao  ...  13 

CHAPTER  3  HEMATOLOGY 

9.1  re**  Uptake  in  Red  Blood  Celle . 17 

9.2  Temporal  Changee  in  Peripheral  Erythrold  Elementa . 18 

9.9  Temporal  Changee  to  Mean  Corpoecular  Volume  and  Mean  CoriMecular 

Hemoglobin . 14 

9.4  Changee  In  Peripheral  Erythrold  Elemeote  (ronn  94  to  540  Day* 

Poetmqmearc  .  ....  90 

9.5  Temporal  Changee  In  LeuktKytlc  Cell  Typee  Bxpreaeed  ae  Percentage  ai 

Control  Vaiuea . 29 

9.8  Percentage  of  Monocyte  and  Eoetnophll  Value#  from  94  to  51  Days 

Po^rradtatlon . 24 

3.7  Changee  of  Total  Leukocytic  Celle  from  94  to  540  Oaye  PoetlrradtaUon  tZ 

9.8  Changee  of  Lymphocytee  and  Polymorphonuclear  Nesdrophile  from  94  to  540 

Daye  Poetirradtatloe . 38 

9.5  Platelet  Count  Valuee  from  94  to  MO  Dayi  Poetlr radiation  ....  37 

9.10  Temporal  Changee  In  Hemofloblc  In  Selected  Oroupe  of  Aaimala  from 

Flaeau  Shot  .30 

3.11  Temporal  Changee  In  Hematocrit  In  Selected  Group#  «>f  Attlriala  91 

9.12  Temporal  Change#  In  Platelet  CouuU  In  Selected  Group#  of  Animal#  92 

9.19  Temporal  Change#  In  Lymphocyte  Count#  In  Selected  Group#  of  Anlmale  .  93 

3.14  TtmpoteJ  Change#  in  Monocyte#  In  Ail  Oroupe  o<  Anlaude  Eipreeeed  ae 

Percentage  Control  Value# . 34 

9.15  Teasporal  Changee  La  Bomaophlle  In  All  Oroupe  of  AalBaale  Bxpreeeed  ae 

Percentage  of  Control  Valnae . 99 

CBA7TSM  4  BEHAVIOR 

4.1  Wleconela  General  Tent  /Vpparatue . 38 

4.3  Proportion  Aalmale  in  Bach  Group  That  Reeponded  Immediattly  to  Pood  on 

Initial  Day  Tenting . 41 

4.9  Median  Number  of  Daye  to  Criterion  for  Bach  Qroep  on  Criteria  I  to  IV  .  41 

4.4  Proportion  of  Subject#  la  Bach  Qroqp  at  w  Bnfov  the  Comaann  Me>l,aa  Number 
of  Oa/e  to  Crtterion  on  the  Angle  DUcrImlanilon  ProhlMB 


41 


IllUSTRATIONS  (Continued) 


w 


t 

i 


4.5  Percentage  of  Errors  for  Successive  Four -day  Periods  oi  Testiog  on  tbe 

DlscdmltMtion  Problems  vitb  Reduced  Stimulus  Cues  ....  42 

4.6  Percentage  of  Errors  for  Successive  Pour -day  Periods  of  Testing  csi  tbe 

Spatial  OeUyed- response  Problems . 44 

4.7  Mean  Errors  for  Each  of  Use  Five  Problems  of  the  Visual  Acuity 

Testing  .  49 

4.8  Mean  Frequency  of  Attention  to  Auditory  Stimuli  Occurring  Oitaide  the 

Teet  Room  for  Each  of  the  Three  Observation  Periods . 44 

4.9  Mean  Frequoscy  of  Cage  Reeponsee  for  Each  of  the  Three  Observation 

Periods  47 


TABLES 


CHAPTER  2  CLINICAL  OBSERV  aTIONS 

2.1  MorUllt)’ as  of  May  31,  1959  14 

3.2  Summary  of  Ophthalmologic  Findings  14 

CHAPTER  3  HKMATOIAXJY 

3.1  Summary  of  Type  I  Analysis  of  Variance . 19 

3.2  Mean  Values  (or  Peripheral  Hematologic  Parameters  ...  21 


9  10 


INTRODUaiON 


l.i  SACKGROUND 

The  prim&rr  obl«cti''«  of  Projoct  S9.S  wu  to  corrtlftte :  mATx»  sad  gaounai  aMMarsiaflatc 
with  btolo^j^oU  rttufOOM.  IIm  Prcjoct  psrticipstod  on  shots  sf  tito  Opsrstifle  Plniobbob 
esriss.  Tt'sec  xh:?ts  vsra  optlooi  tor  sainiftl  sxposuros  oc  U:«  basis  ol  yield,  cab  ^sldtog, 
and  ipK)gru^&s.^  locstlea.  Stattoo  ]tlacs!ia«Rt,  llsld  txgosojn*  sttss,  sad  classlfiMi  iiartasstors 
of  the  experlissiit  arc  described  iit  dsteil  it.  Report  WT-i&OS  (retore&ce  1).  AB  doaliaetric 
messuresieQts  and  pretest  csiibratlOQS  vers  made  by  Proijects  S9.1  (gpsauBa  dostm^ry)  and 
38.5  (scutroD  dosisaetry).  The  neotxtai  SMaseresMBls  vere  foade  nsinf  the  &ssioa>foll  system 
of  R«rt<t,^  and  tlte  ganuoa-ray  measurements  were  made  tssiag  the  U&AF  chemical  dosimeter 
system.*  The  blast  cootalners  used  iu  the  btologleal  experiments  of  Operetioa  Qreeatoaee* 
were  modified  for  use  in  0{wrsti<»  Pluatobob,  and  ttmy  are  doenmeatsd  in  WT>i$OS. 

1.3  OBJSCnviS 

Hiree  technologic  objectives  urere  a<h  meed  when  pariicipanon  in  Qptrasioa  Ptamblxto  was 
first  desifaed:  (1)  d«termli>atiao  of  Cm  li^  and  the  eurrlval  time  ts.  (tone  relafioa;  (3)  eaarol- 
iMtion  of  ecute  clinical  elgyn  and  their  approxiiaate  threshokfai;  and  (3)  the  etmlb^  of  long-term 
effects,  such  as  cataract  producUon,  life-i^an  shortening,  boae-ssarrow  changes,  aed  orelao- 
geneeis.  The  flret  tv»o  objectives  totve  been  fulfilled  and  reported.*  This  report  begiaB  the  ac- 
compUshment  at  the  third  objective  by  documenting  tbe  results  of  an  analysis  sad  compartsoa 
<4  findings  in  ths  surviving  animaln  11  to  84  months  poefirradiatton. 

RlFbASNCSS 

I 

1.  J.  S.  Plekertng  et  al.,  Operation  Plumbbob  Report,  WT-1909,  Decembe  ’  1958. 

3.  Q.  8.  Hurst  et  al.;  Oporatton  Pluotobob  Report,  WT-1S04,  March  1888. 

S.  S.  C.  Slgolnff  et  al.,  Operat'en  Pluntobob  Report,  WT-IBOO,  NoveoBber  195A. 

4.  R.  H.  Draeger  et  al..  Operation  OreonlKraoe  Report,  WT-16,  Annex  I.S,  Aagust  1991. 
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CLINICAL  OBSSRVAriONS 


i.l  MORTALITY 
S.14  WUMofibot 

'nirovips  tlM  SOlh  postirnuliaitlQB,  88  of  73  anlattla  var«  dwiii.  Of  Uie  8  survivors,  S 
tevs  siacs  di«d:  8  aalnals  in  groop  H,  410  nuts  (1  on  tte  103d  day  sad  tl&s  othsr  on  tte  TOSth 
day  postirradlstiott)  sod  tbs  otbsr  ia  grojtp  I,  888  rads  (cn  tbs  881tv  day  posttrradlaUan).  As 
S’Hdsacs  of  a  past  history  of  Irradiatian,  ths  saijnals  that  dlsd  irsrs  fsasrally  smaclatsd  with 
soBW  spilatlon^  thsrs  tunally  was  atrophy  of  som«  of  tbs  seminilsroits  tobolss.  On  tbs  otbsr 
band,  tbs  lympboid  Uasoss  and  bons-raarrov  csUularlty  sssmad  to  bs  la  a  condltiOB  consistsnt 
with  tbs  ags  of  tbs  animaia. 

5.1.8  Rssaaabot 

Ibraagh  tbs  SOtb  day  postirnuKatloa,  SI  oS  73  animals  wars  dsad.  On  tbs  48tb  day,  1  anl> 
mal  from  group  B  (408  rads)  dlsd.  Tbsre  vsrs  praotlcaily  no  effscts  of  tbs  radiation  still  visl- 
bls  la  tbs  tlsoaso  of  this  aaimal.  Tbs  lymphoid  tlssos  was  in  fbir  condltlan.  Tbs  gastrointssti-- 
aal  tract  was  frss  oi  Isslons,  and  tbs  bons  marrow  appsarsd  to  bs  of  normal  csilularity.  Tbs 
spIssB  was  aa  ascsptlon;  soms  gsrmlnal  csntsrs  wsrs  nalsslag. 

8.1.8  Dlscmmlon 

B  Is  protiabls  toat  nons  of  tbs  80-day  postlrradiaUcn  dsatbs  should  bs  considsrsd  as  typi¬ 
cal  of  aay  spselai  typs  of  radiatl«o  dsatb;  bowsvsr,  tbsrs  is  no  doubt  that  tbs  saposors  to  radl- 
atton  was  ladirsctly  eaasatlvs  of  many  of  tbs  facsts  of  tbs  clinical  pfctars  wbicb  culminatsd  in 

dsatb. 

A  summary  of  mortality  on  both  shots  Is  pvsn  In  Tabls  8.1. 

8.8  WBKMT 

Tbs  long-tsrm  ptctors  of  body  wsigbt  is  suminsrl&sd  in  Fig.  2.1.  For  Wilson  shot,  coidrol 
wsaa  wotgbts  bars  bssn  ptottsd  against  tboss  two  animals  that  Uvsd  851  and  708  daya  postirra- 
dlattoa.  For  Flasan  shot,  tbs  control  msan  wslgfats  bars  bssn  plottsd  against  group  C  msan 
walf  bte  (this  group  rscslrsd  tbs  Mgbsst  rad  doss  in  wbicb  tbsrs  havs  bssr  no  dsatbs  sines  tbs 
first  80  days). 

Ibsrs  was  dsBnlta  rsoovsry  frosi  tbs  wsigbt  loss  during  tbs  first  80  days  In  both  groi^w. 
‘Xbs  Wilson  animals  that  wltlmatsly  diod  sbowtd  a  dsclins  nsar  dsatb.  lbs  irradlatsd  animals, 
In  fSAsral,  lAcrsanod  in  wsigbt  nt  tbs  tarns  rats  an  tbn  oontroln;  bid,  of  eourss,  thsy  startsd  at 
a  lowsr  tovsl. 
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IRRAUATfON 


DAYS  POST  IRRAOiATlON 


II 


10 


•  So 


7 


C 


5 


\ 


Ftf .  2.1 — Body  welfht  ohaofM  In  uookoyi  eKpo— d  to  nueloar  ruKatioa. 


%.%  OPHTHALMOLOGY 
2J.  1  Introduction 

During  th«  course  of  Opsrstioa  Plurobbob,  ophthslnaologtc  studlso  vtrr  BMids  on  97  soMin- 
ke?8‘.  17  animals  from  Wilson  shot  (S  in  group  H,  6  in  group  I,  and  8  contrtils)  and  80  ani mails 
from  Flseau  shot  Oiin*  groups  of  8  and  8  controls).  For  WUoon  firs  saamiiAtlcBW  ortr  a  psrkOd 
of  ap|»roximatsly  688  days  were  psrfonnsd.  For  Fisenu  only  three  snmlwitiosn  are  STaUabls 
over  a  period  of  680  days;  no  preirradiation  saaminations  were  mads.  No  early  lens  ehaafss 
were  observed;  however,  cataractogcnesls  has  taken  place  with  tuns,  and  at  the  present  Haas 
significant  lens  damage  has  been  observed  and  appsars  to  be  increasing  in  severity. 

2.9.8  Results 

ift)  Wilttm  Shot.  The  preirradiation  eiaimlnation,  using  the  slit  lamp,  aliowed  all  lenses  to 
be  clear.  For  a  period  19  to  188  days  postirradlatian,  there  was  no  lens  damage;  in  some  aai- 
male  a  transitory  iridocyclitis  characterised  by  flare  and  cells  la  the  anterior  chamber,  cells 
deposited  on  the  anterior  lens  capsule,  and  increased  numbers  ot  cells  in  the  reCrolental  space 
was  noticed.  By  988  days  postlrradiiitloa,  the  iridocyclitis  had  dlsappeered,  and  the  lenses 
were  clear.  At  approslmately  870  days  postlrradiatlon,  the  first  really  sigBlficaat  fladlags  be¬ 
gan  to  appear.  Table  8.2  summariree  the  informatlai  available,  hi  general,  for  WUeoa  ani  amis 
these  changes  consist  of  vacuole  formation,  formation  of  (fiecrete  moderate-slae  opaeitleo  lo¬ 
cated  chiefly  in  the  anterior  cortes,  and  the  very  early  formatlfla>)f  posterior  suhcAPsalar 
cataract. 

(b)  Ffasee  Shot.  Iliere  were  no  preirradiation  eiamiaations  pcrlormsd;  at  87  and  822 
days  postlrradiatlon  here  were  no  lens  chaages.  Transitory  iridocyclitis  was  prssmt  and 
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TABLX  S.l—MORTALrrY  AS  OF  MAY  31.  1959 


Group* 

IX^, 

mda 

Mortality 

_ _ ▲ _ 

Wilson 

Fissau 

1333 

Fiasau 

A 

977 

689 

8 

8 

B 

540 

494 

5 

7 

C 

755 

440 

8 

2 

D 

045 

356 

8 

3 

X 

591 

341 

8 

0 

F 

530 

301 

8 

1 

G 

442 

244 

8 

0 

H 

410 

295 

7 

0 

I 

944 

208 

3 

0 

i 

1S9 

1 

Coatrol 

0 

0 

1 

0 

*  Ellfht  Anhalt  in  Mch  group. 


TABLC  t.S— SUMMARY  OF  OPHTHALMOLOGIC  FINDINOS 


Calaraot 

oatagory 

WUaoD 

- - - - — . 

Group  Doss,  rads 

Group 

Fiasau 

Doas.  rada 

Clinical 

obaarvatioma 

I 

J 

189 

No  algnlflcant  dsviatloe 

I 

208 

from  normal 

H 

298 

0 

244 

n 

H 

410 

1 

901 

Dieorsts  opaottisa  In  anta- 

I 

964 

E 

941 

rior  cortax;  aarly  stages 

of  poatartor  auboapsular 

cataract 

IF 

D 

984 

Soma  ccmjdloatad  cataract; 

also  vacuoles  and  ante¬ 

rior  cortical  opacities. 

m 

C 

440 

Complloatad  oatm'act; 

B 

494 

granular,  polychromatic. 

pootortor  tubcapottlar 
oupuUUorm  cataraota 
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VM  of  Um  type  «tescrlb8d  proTlcosly  for  the  Wlleon  tnlaude.  At  «p|ir(«iaifttely  SftO  <foys  titer 
Irradfotton,  definite  chneges  vere  noted;  they  are  suzBasarlKed  in  Thible  S.S.  Qroiqw  B  and  C 
are  In  category  m  (conspUcated  cataract);  groop  D  Uee  between  categoriea  n  and  m,  ahoferleg 
both  tyipis  of  eyndrome;  groupe  B  and  F  are  In  category  H;  and  groupe  Q,  E,  I,  and  J  are  In 
category  I. 

2.S.S  Disenaaion 

Flaeau  group  D,  at  a  doae  of  3M  rada,  may  prove  to  be  the  grov^  that  repreeenta  the  tran¬ 
sition  point  or  threabold  iiuhcator.  At  tite  preaant  time,  the  appearance  of  complicated  cata¬ 
ract  in  category  m  animale  la  considered  to  be  a  nonspacific  finding  (a  coe^catloo  tha 
irldocyciltis,  a  nonspecific  reeult  of  neutron  dnmage,  ^ergiam  between  ueutron  and  punma 
radiatians,  or  almple  responses  of  young  iens  to  irradiation  damage). 

The  most  fertile  area  for  study  would  appear  to  be  those  animals  in  category  n  from  both 
Wilson  and  Fiaeau.  The  changea  aeen  are  minimal,  early,  and  noaapeclflc;  however,  the  pro- 
gresaio:  of  the  ieeione  which  will  i^ipArently  take  place  should  be  ca.  efoUy  documwled. 

2.4  OTHER  PARAIfKTERS 

Immediately  poetir radiation,  five  other  clinical  signs  were  obeerved  and  reported: 

(1)  vomiting,  (2)  anorexia,  (3)  diarrhea,  (4)  purpura,  and  (S)  epilation.  At  thia  time  (some  21 
months  after  Fiaeau  shot  and  24  months  alter  Wilson  shot),  none  of  thsss  symptoms  are  to  be 
found  in  these  curvlving  animals  as  a  result  of  radistloo. 


Choptar  3 

HEMATOLOGY 


a.i  wuaoM  SBOT 

1.1.1  latroducUoa 

ClMatM  that  ocaurr«d  In  the  ptiipherai  blood  picture  of  groope  Q,  B,  and  1  durlaf  the 
Brat  19  dnje  poctlrndintlaii  hare  been  dUcueaed  in  Report  WT*150d.  Of  the  10  enlnoeie  orlfl- 
nnL'y  aspoeed  and  atudled,  S  eurriTed  at  leant  SO  daye:  1  animat  from  group  H  (461  rede)  and  3 
from  group  I  (410  rads). 

•ome  14  other  animals  had  receiTSd  elnBaltaaeous  exposure  to  nuclear  rmdlationa  at  eltes 
Identical  vlth  those  employed  for  the  hematology  animals.  These  completely  analogous  surri- 
vors  were  used  to  supplement  the  depleted  becaatology  groups.  The  euppiemeotal  grmqMi  and 
concurrent  cootrols  (S  animals  per  group)  were  retnjected  with  Fe^Cli  on  day  S4  after  expo¬ 
sure;  seemi  hematologiG  samplings  were  eftected  between  days  S4  and  51. 

Because  the  animals  were  subiected  to  other  expeTlsaentnl  procedures  that  might  have  af¬ 
fected  the  peripheral  hematology  after  day  II,  etatletical  treatment  of  dm  data  baa  been  limited 
to  the  poetexpo*«t^  period  from  day  S4  to  day  51.  A  aemlqiauititatlTe  evaluation  hae  been  made 
for  tha  period  63  to  14^  days  poateapoeure,  during  which  time  aampllng  waa  done  at  latervaJs 
of  appradmataly  aU  weeks. 

1.1.1  ReeulU  ' 

^)  Imcorpormtim.  TIm  incorporation  of  mdioiron  into  erythrocyte  beatoflobia  Inch  - 
eated  eoneiderable  repair  of  erythrogentc  tlneoM  in  the  earvivlng  IrradlsUJ  aolmnJie.  Both 
auppl****(*il  frmva  exhibited  greater  average  lacorpm-atloe  than  the  (xmtrole.  Bovever,  on 
approedmat^ag  an  asymptote,  all  values  were  within  the  range  determined  for  hhcaot  muiatta 
at  the  Radiobioioglcai  Laboratory.  Figure  3.1  chewa  the  tneorporatioe  curves  that  were  ob¬ 
tained  prior  to  exposure  asd  at  two  imervals  after  exposure. 

^)  Krytkroid  P»rm»,»Ur$,  Days  34  to  Si:  Tlme-courae  plots  for  periphaniJi  erythrotd 
parasaetera  are  ^mwn  in  1  !g.  3.3.  Data  are  expreeeed  ae  percentages  of  concurrent  control 
values.  Figure  3.3  reflncts  the  Uftcgmted  picture  tor  heniOgiohta-c<mtatnint  btood  «1»~ 
mnnts  is  tsrms  of  sassa  corpuscular  volume  (IKTY)  and  mens  corpuscular  hemogiobts  (MCRb) 
lor  ths  snnm  tlSM  pnrtod.  Ihbis  3.1  sr  amnrisss  Ihs  rsmdts  of  a  type  I  analyslo  of  variance 
(Lindquist)  of  ths  raw  data  for  ths  10  psripbsral  hssmtologie  paraaastere  that  ware  loUawwd. 

Pay  tl  to  140:  flguy  3.4  shows  ttms-couroe  plots  for  srythrocyts,  hcatogtobko,  and 
hsmntoertt  vaJkiss  fnr  ths  supptssasntsd  groups  from  days  34  to  MQ  postnaposoje.  Nuctented 
rad  blood  onlls  and  reilcnloeytsn  apprenriamtsd  eonirel  vahnas  tor  this  signuwi  of  the  plot  asd 
nrs  not  shown.  Ihbis  3.1  summartsns  ths  aenrufe  valnss  ohistnsd  lor  ttm  entire  obeorvatlen 
period. 
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pc«c£hnr  Of  coNcufmcNT  control  values 
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TABLi:  8.1— SUMMARY  OF  TYPE  I  ANALYOB  OF  VARIANCE 


p  valiui 


/• . .  . .  in, 

ParaiMtar  A*  Bf  AB) 


Erythrooytaa 

0.01 

0.01 

0.01 

Hematocrit 

0.01 

0.01 

0.01 

Hamoglobln 

0.01 

0.01 

0.01 

Ratlculocytaa 

0.01 

0.01 

0.01 

Platalata 

0.01 

0.06 

0.01 

White  blood  oalla 

0.01 

<0.06 

0.01 

Lympbooytaa 

0.01 

0.01 

0.01 

Folymorphonuoiaar 

nautrophUa 

0.01 

<0.06 

0.06 

Monocytaa 

0  01 

0.01 

0.01 

Eoateophlla 

0.01 

0.01 

0.01 

«A  <tiBM  eOtct):  ohai^t  that  ooourrad  witii  ttma  whan  cmmb- 
parwS  with  tba  ocNoourraot  ooatroi  animala. 

t  B  (jitroup  affeoth  raaolutUm  of  tba  iniaiaia  tolo  groupa  aa  a 
AinotloD  of  radiation  dona  whan  cooipajrad  with  Clw  oottonrrant 
control  anlaula. 

|AB  (Intaraotloc);  toot  of  dtffaraooaa  b&tmm  tmdlatad 
aad  control  groopa  for  tba  antira  taating  parted. 
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TAJBLE  9.X-~MXAN  VALUES  fOR  PEUPSEBAL  HEMATOLOGIC  PAHAMETSILS 


Oroai) 

Apptijrrt»a«a  paroaotaopa 
oi  octroi  aalot 

PmruMtar 

Coot  rota 

419  rado 

409  rada 

419  rada 

449  rada 

Daya  l«  to  SI 

ErjrtSrolii: 

ErytJtrocTt**,  l(J*/iE«a’ 

0  M 

4.40 

3.90 

M 

94 

iteiBAtocrtt.  % 

M.3 

9S.0 

M.9 

93 

70 

(l«mQ(lobtB,  g  % 

10.1 

9.0 

7.4 

99 

79 

Mmu  corpuMttUr  volissht, 

7a 

79 

90 

110 

119 

Mc&a  ccfptttcitiAr  kwaoKldbta, 

Mmu  corpiwcuUr  ht«a(lob(4. 

19.9 

99.9 

99.9 

100 

114 

cQtttMBtrAtkM,  f/lM  »1  rad  oalla 

90.9 

99.9 

SS.3 

9« 

Myalold: 

Total  »yt«  blood  oalla,  10*/niB* 

19. T 

11.9 

10.3 

97 

•  1 

LyoM^Hoeytos.  calla/lOO 
PolyawrpHDiMtelaar  Mutrf^liklU, 

40 

99 

90 

09 

41 

o«Ua/ldO 

M 

97 

M 

99 

191 

PUt«)«ta  (X  10^) 

9i.S 

Daya  09 

M.O 

to  994 

19.0 

79 

93 

Ennkraad: 

E rytiutwytoa.  IdVaui* 

O.SO 

9.9 

9.4 

99 

90 

Hoatatooiit,  % 

M.« 

49.9 

49.0 

99 

99 

HMMQciobta.  g  % 

lii.9 

11.9 

11.9 

99 

99 

Maaa  ooriMiooular  roiaaM, 

79 

79 

9? 

199 

irr 

M«aa  oorpwouJar  bMOOglobta  mtg 
Moaa  ooiyooealar  bawingtohta. 

19.1 

19-7 

99.4 

199 

197 

oememumiam..  g/IOO  Mi  rad  otUa 

MS 

97,4 

97.0 

194 

193 

MyaloM; 

Total  wAlta  blood  ca41a, 

19  9 

11.9 

9.9 

94 

94 

LymiiHoeyaaa.  oalla/lM 
PolymorplMMelaa^  ■awtrogdOla. 

99 

49 

199 

94 

oalls/lM 

<1 

99 

49 

99 

194 

Platalata  IV*) 

^.9 

99J 

99.9 

111 

•0 

II 
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(c)  Myeiloid  t^srameterM.  lM.f»  S4  to  5i :  Flgwr«  3.S  expreBMe  the  total  while  blood  cell 
comts  detsrmiMid  for  tii ;  i«fi|!piem«ited  Irradiated  groo^  aa  percentafes  ronctureet  ecu- 
trol  miues.  Ax^iiUtiade  of  the  bar  denotee  the  relative  total  leokocjte  coast.  The  stipideid, 
•tHped,  and  opes  cogmenta  reflect  the  proportion  of  the  total  popaiatioa  which  waa  coe^boted  ^ 
by  polymori^weaclear  neutrophils,  lymphocytee,  and  the  aggregate  of  monocytos  and  eos.  ic 
phUa.  Figure  3.S  ehows  the  relation  of  thr-  >t»ieocyt««  and  eoeiM^le  which  cotsprleed  this 
a(Bpreg&te  population.  Stab  cells  were  rarely  found  In  any  of  the  anU&als  and  are  not  shown. 

reeul'e  of  the  statistical  of  the  raw  chita  are  eusuaarlsed  In  Table  3.1. 

gays  $3  id  HO;  Flpires  S.7  and  3.3  are  tlme-coaree  plots  for  total  leukocyte,  lynaphocyte, 
and  polyiBOrphonaclear  neutrophil  counts.  Figure  3.3  shows  the  average  platelet  const  tor  the 
saaae  period.  All  data  are  expressed  as  percentages  of  concurrent  contitil  aaimal  valuee. 

Table  3.3  soauawrlsee  the  mean  values  found  tor  the  myeloid  series  constituents  for  two  sub- 
periods  after  the  exposure 

3.1.3  Dlecussioe  of  Recovery  and  Long-term  effects 

(a)  Frythroid  Serigt.  Bone-marrow  aplasia,  with  recovery  becoming  at^arent  in  thoee 
animals  destined  to  survive  tor  at  least  30  days,  was  the  finding  for  Che  Wileoo  animals.  2a 
(Mher  animals  which  had  alto  survived  the  exposure  i?r  at  Iss'^  SO  days  and  which  were  \m«d 
to  s«9plemsQt  the  depleted  groups,  the  peripheral  blood  plcturec  coincided  well  with  these  of 
the  orlglnai  survivors.  Statistical  ansiyeis  of  the  (tota  showed  the  apparent  changes  were  sig- 
nlflcaid  ti)  the  0.01  confldmce  level  in  almost  ail  parameters. 

A  rsticuiocyiosls  was  apparent  as  early  u  IS  daya  after  exposure  to  410  rads  and  on  day 
32  for  the  4fi3-rsd  survivor.  Tite  retlcttlocytosis  was  accompanied  by  large  numbers  of  nucle¬ 
ate  re  tlood  ceUe;  both  these  recovery  Indexes  were  at  the  maximum  observed  vriues  on 
postexposure  days  34  a?td  35,  but  aepamCictn  Into  dose  groups  remalnsd  apparent.  It  appears 
that  tbs  recovery  in  the  462-rad  animato  wae  slightly  delayed  with  respoct  to  the  recovery  In 
the  410-rad  sunrivors. 

erythrocyte  counts  and  hemoglobin  and  hematocrit  values  were  inclining  toward  norniai 
vafaws  ihroughoat  the  period  from  day  34  to  day  51.  Separation  as  a  (unction  of  radiattoa  doae 
was  uniformly  apparent  in  all  three  paramstsrs.  Brytbroiryte  counts  rsmalnsd  depressed  be¬ 
low  eOBcnrrent  control  animal  valuss.  On  the  basis  of  mean  corpuscular  volume,  mean  cor¬ 
puscular  hemoglobin,  and  mean  corpuscular  hemoglobin  concentration  calculations,  It  appears 
that  a  stem-cell  proliferation  rate  phenosacnoa  may  have  beec  limiting.  To  conqMnsate  for 
each  »  daRciittcy,  cells  sttsimed  volumes  and  hemoglobin  contents  In  excess  of  control  values; 
howwvvr,  the  eonesntratloa  of  hemoglotdn  in  these  megaioblasts  sas  essentially  the  same  (or 
sligidly  di^prasssd)  as  the  cells  of  foe  control  animals.  If  erythropoiesls,  cell  volume,  and 
hemoglohia  cesdsat  are  assumed  iO  be  primarily  t  fanctica  of  p  0|  la  the  blood,  fomi  such  flnd- 
lafs  become  more  uadsrstaaihble. 

Corollary  to  such  a  posatli>ts  Is  that  the  cod^tlve  differences  la  erythrocyte  number  and 
hsmogfoblQ  and  hematocrit  valuee  for  foe  62-  to  640-day  period  are  depressed  by  an  average 
S.S  and  11  per  cent  for  foe  410-  and  462-rad  anlmsuu,  respectively.  the  correspondlag  «lf- 
forsacss  la  MCV  and  MCiS},  ths  average  elevation  above  contrrl  values  *s  3.6  and  6.8  per  c«st 
for  ths  410-  end  463-rad  mirrivors,  res^pectlveiy.  Therefore  It  appears  that  a  lons-term  effect 
<d  exposure  nmy  be  manllsetsd  in  ths  red  cells;  either  a  stem-cell  proUferatlve  rate  or  a  ge- 
nstleally  aaodilled  precursor  cell  could  be  involved. 

(i»)  Mygloid  Ssrtos.  Begbming  platelet,  monocyte,  and  eosinophil  recovery  in  the  410-rmd 
sarrivors  was  observed  on  postssposure  day  19  and  in  the  462-r8d  survivor  by  days  32  to  24 
£»r  the  first  two  parameters.  Increessd  total  leukocyte  counts  wero  observed  In  nil  survivors 
by  dXf  34.  Peak  monocyte  prodnctlan  was  opfMuent  from  dayr  34  to  Si;  eosim^ihlls  attained 
maxImuB  values  from  days  41  to  46.  The  polymorphonuclear  neutrophil  portion  of  ths  whits- 
e«ll  pt^^ilaUon  aigtsars  to  hove  Increased  almost  linearly  from  days  22  to  35  in  the  410-rad 
snimals  ami  had  attained  maxinmm  values  by  ctey  41  In  the  462-rad  animals.  Lymphocytes, 
whlcli  !»d  comprised  almont  the  entire  leukocyte  pqauiatlon  during  the  period  td  marrow  apla¬ 
sia,  still  bad  wA  attained  aors?')!  numbers  through  ths  61st  pontexposure  day.  About  68  days 
after  wptmmm,  the  4i0~rad  aalmale  hr4  a  *termsi'*  lymphocyte  count;  two  of  the  463  rad  sal- 
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aaU  approolBi&tcd  control  v&luea  at  thia  tima,  bat  Ui«  third  animal  ramalnad  mai*hedl7  6b- 
'waaMd. 

TIda  aaiii  wm  tha  aola  aorvlvor  of  tha  origtaal  haaatologjf  4d2-rad  ax^oanra  grooip-  H« 
ad  102  di^  after  aapoaara.  All  mralold  aiamanta  c  tha  blood  had  r^tmad  to  oaoaidMly 
aoraaal  ndaaa  la  phaaa  with  tha  aniauda  oaad  to  anpplamant  Ida  grcnq).  Bowavar.  altar  nawtro- 
Phil  racovary  had  aatabllahad  tha  tma  ralatlan  concaralsf  tha  lympfeocyta  and  aaotK^ihil  po|W- 
IhtlOQa,  U;  ttacaoM  potalhte  to  datermlaa  that  no  api^aclabia  lymphocyte  pmteictlOA  occnrrad  In 
thia  aaiaaal.  Tha  umiAanm  ralua  obaarrad  after  tha  aantrophll  racorary  mut  **e««Baplate”  vaa 
It  lya^hocyteo  par  100  calla;  on  that  day  tha  oontrola  avaraged  i$  lymphoeytae  par  100  eallB, 
and  hte  tom  aapoaara  froupmataa  ararafad  44  calla  par  100  laokocytas.  £&«  lyns^dweyta  cooEd 
at  tha  laat  pradaath  maap*  Ag  vaa  8  par  cant.  Thia  aoald  appaar  to  tM  a  diffarantial  typa  of 
•aa^alty  la  which  a  atef^a  tUsaa  fallad  to  raartahdlah  ita  foDctionallty. 

la  general,  othar  paripharal  laokoeyta  aiamanta  had  an  aTtraga  d^aaolOQ  balow  coodrol 
vahw  tor  tha  02-  to  540-day  poatexpotore  parlod.  Bxcaptioaa  wara  lymphocyta  mid  pimeim 
ccnBta  ia  tha  410-rad  oorvlTora;  thaaa  paramatera  avangad  lOS  and  ill  par  cant  abora  con¬ 
trol  vahM#  tor  tha  antlra  parlod. 


2.1.4  touttMary 

to  fininmla  axpoaad  to  410  and  462  rads  of  mixad  naotron- gamma  radiation,  marrow  apla- 
ala  is  in  svldMca  tor  at  laast  two  waaks.  HatlcalocytoalB  and  auclaatad  rad  blood  calla  mtaln 
BMUlniani  rahiaa  at  cboot  fira  waaks  postexpomura;  hamoglobin  and  bamatocrlt  trslstw  ara  at 
oontml  tawate  frosB  aavan  to  alna  waaks  poataxpoaara,  bat  arythrocyta  coimte  lag.  Itofalo- 
tdnstie  ealls  wara  tonnad,  apparmUly  la  a  compansatory  machanlam.  A  poaclbiUty  axiste  that 
■spilohtosttc  eidls  rainala  ia  lha  antxMila  throogh  540  days  altar  expoaora. 

Laskoeyte  prodaction  was  appnrant  as  aarly  aa  18  days  altar  axpoaura.  Polyaaorphann- 
elsnr  nMkrophll  prodnetion  appaara  to  hava  attaiaad  a  maxlimim  flTt  waaks  after  asepoanra; 
aaonocytss  sWiinsd  a  iBaxtsanm  at  aboot  tha  bssm  tlma.  Boalnophils  attalnad  a  mnxixaam  at 
•host  six  woahs  poatowpossra.  LorsaphMytaa,  which  compiisad  almost  tha  mtira  whlta-eall 
popstotlOB  whila  oosots  wara  last  than  lOOO/sun*,  wara  tha  last  corapomant  to  racovar.  Tha 
■fttwal  ttod  dtod  daring  tha  540-day  parted  toilad  to  racorar  la  only  ona  way,  1/mphoeytaa  wara 
assMtliilly  itonant  from  hia  whlte-eaU  population  alaran  waaka  attar  tha  oxpoasra.  Iter  tha  03- 
to  540  dtor  pBstehposnra  parted,  swot  of  tha  othar  laskccyta  panuustars  avarafad  a  dapraaaiOB 
hatow  conesrrsnt  control  aiiInMl  ralnaa.  Tha  dacraoaa  in  rartabillty  of  whita  blood  call  cosnta 
noted  in  chronic  trmdtetiona  of  amnkays  was  not  aaan  la  tha  shot  Wilson  aslamla. 

3.2  mBACiaOT 


1.2.1  totrodwetten 

Failfharal  hamatelogy  oa  tha  yosne  awtmala  eomprtalag  shot  Flaana  wna  not  r^ortad 
dsrhhf  tha  firoi  20-d^r  poctiiradtetten  parted  stnea  tt  was  daalrad  to  plaea  oo  atrana  whatao^ 
ante  on  tesM  ani—ta  whitto  adfht  laflsanea  awirtnllty. 

tmmailifsiy  alter  fids  parlod,  a  aartas  td  coaspiata  hlood  cosnta  wna  parformsd  Onrlng  a 
ported  of  50  dhya.  to  April  1550,  orar  a  patted  of  ahost  40  days,  anothm  aaites  of  data  waa 
tetom  on  a  aalartad  grasp  of  than#  aMobaya.  Tinas  two  aata  of  data  hara  hasa  oostekrad  by 
•Atelattenl  amoM,  and  tha  raosita  and  conrisalona  ara  raportad  batew. 


2.12  Mhinrtala  and  Kslhodi 

ftoninrd  tdtoteol  tohorntory  procadaraa  asch  aa  stiUaad  ta  USAF  hoopUal  tohoratortaa 
tosNi  bnan  anod  for  all  hawnteloglc  nnaasfwmaats. 

fhr  fwrpoaas  of  onalyirta,  tosr  aatmola  wars  aalacted  from  aneh  groep  la  whteh  thara 
wort  vnkao  bndi  lor  tin  ported  10  to  120  days  (Tt)  and  tha  pasted  500  to  000  ttoya  (Tg}  pesiir- 
ndtolten.  Nhm  paramatars  wort  avallahto:  rad  blood  c^  oesnte,  hamogtehtn,  hansteocrlt, 
alsteiain.  whtea  blnod  m11  immSs  nt  Irantemten  Mrtinatenn  MHaMshtla  ssr  * 

Mtenpo  of  mmnsytsn,  asdi  fTcmmtp  of  ootenapOdla.  Thaos  oiaa  oats  wora  thm  trsnted  ^  an 


iMHJiyftls  of  7iurl«nc«  tat  aU  ta  T|.  The  jpajrajBMCere  that  were  atplfleaNt  at  the  I  far 

levd  were  thee  teetad  at  Tj  is  thi  same  mamt*r.  AddUtoasUy,  the  fawM  vahM  ter  eMh 
liarmaaeter  at  T^waa  cceepirad  to  a  eteellar  s^aa  for  Tt  hf  aa  asalyala  d  eartaaee. 

9J.I  Saaelte 

Ti$na  Ptrk4l  1  (T,),  30  to  IW  Tktyt  PmUrrmiaikm.  Sad  iBoed  Suite:  Those  Ur  a 
alifht  tread  npward  ta  the  ttlgher  doae  fro«9,  tadlattiBc  reeoiery  treat  the  radtattra.  Sowmer, 
there  ere  ao  atjatflcaat  tUm  dtffereacee,  aad  the  froafa  eaaaot  be  dtattavetehed  treat  ^ 
cootrete. 

Beatogtobta;  There  la  a  daOnet  dltfereoee  betweea  trradUted  aaiaala  tad  eoatnoUi  which 
la  attribatahlc  to  she  effect  d  radlatiaa  aad  la  atatlaticaltj  sipiificaat  at  ttte  I  per  c«t  eeafi- 
deacc  lerei.  Ftfure  S.IG  iifeovs  the  aMaa  f&laea  d  flee  •eiaciad  groape  pterted  apiaet  dhfe 
poetlrradtation;  tha  oeer-all  miaa  for  Tt  Ur  ehowa  alee  ter  each  groap. 

a«gMUocrtt:  There  te  a  recorary  tread  preoeet  here  which  actaalljr  teada  to  grereheet  the 
coetrda  and  th«  docreaee  «0EMr»^t.  There  are  »o  atgsdflcaat  dUftreacee  betweea  greitpc, 
bat  the  tisae  diflercocee  are  slgalflcaat  at  the  S  per  seat  coafi dance  leeeL  yigare  S.ll  ahewa 
the  oieaa  raleee  d  fire  edected  groitoe  plotted  aptteat  dajre  poetlrradtedoa;  the  orer-aU  rnaui 
tor  Ti  ia  aleo  ehowa  for  each  grcM^. 

Plateteta:  Thee#  raiaae  danag  thie  period  recovered  to  the  pdM  where  the  treade  heratae 
eoaeewhat  leas  dtettect;  there  are,  however,  sl^dficant  tSftereacee  betweea  greape  attrlhatebli 
to  radlatiaa.  These  eftects,  »*  thie  poiat,  are  prohahiy  ooatsihated  larpaly  bg  groap  C  ^ 
highest  dose  groap).  Flgore  S.U  shows  the  atcaa  mhM  for  five  eeieeted  greape  plotted 
afaiaaC  daps  poetirradSatioe;  the  over-ali  ueaa  tor  Tt  is  also  ahowa  tor  each  groap. 

White  Blood  Calia:  There  are  ao  treads  «r  dtffareaces  batwawi  groape  which  are  stgatfl- 
eaot.  SoM  recovery  ie  evldad  ia  the  early  stagee  (SO  to  10  days  poettrradfoilea). 

Perceataga  of  Lywphocytee;  Tlgare  I.IS  ehowa  the  aeeea  vahtos  tor  five  selected  groape 
plotted  a^pdaet  daya  poettrradfottoa;  the  over-all  saeaa  for  Tf  Is  alee  ahowa  for  mA  greap. 
TlMra  la  daflaltely  a  raeovary  paltara  wMch  occara  froea  tha  lOth  to  tSfoh  day  poaUnradfottaa. 
Tha  apparaat  aaeaaOy  dutog  tha  Orat  two  partods  reeulte  fnaa  the  iaahlllly  d  the  lyahphecytic 
cells  to  appaar  la  thdr  prtipar  parapadlva  aottl  tha  esaUephils,  whieh  racovwp  saaaar«  raach 
aorasal  levals.  TiM  treads  dapteted  art  sl^ttfieaat  at  tha  I  pw  caai  oeaAdaaca  leval;  hewevar, 
thara  art  ao  algatflmat  dflaraacaa  batwaaa  tha  groapa. 

Paiceatago  d  HeatrophUe  (PetyiBorphowliar  Iwwjhacytaa);  Thaaa  ealle  had  aUaaat 
cosMoldaly  ratotwed  to  aarwaU  ^  tito  ttaaa  tihaat  hiooc  eats  ww  tataa,  aad  toore  are  aa 
sifBifleMt  dUfereacea  or  treada  te  dtecaoa. 

Parcaatap  d  Mtaaoeytea:  Theaa  reaalta  ara  praaaatad  la  Pig.  S.li.  The  dMa  have  bees 
eorawhoed  with  rasped  to  tha  ooeesuraeit  ooatrol  eafoeri  the  yoiTattagi  d  aMaeeytee  as  per- 
caataga  d  cottrel  imlaaa  has  hesa  ahowa  tor  aach  grasp  tor  tha  five  aawgdaa  ia  T|»  as  well  aa 
tha  flva  aaaiplea  la  Tf  Thaaa  data  dsaiaastroto  fercalBUy  tha  traoaaadaaa  tacraaaa  la  tMe  type 
cell  ia  tha  parted  10  to  tO  days  piatt  rrwiattea  aad  tha  sahse^aaat  iarBao  to.  aad  eoadotoaM 
at,  Boratel  levaie.  Tha  dapteted  chaegae  are  T*gr******  d  tha  I  par  eed  oaodMotoa  Iseal  mi 
oasd  ha  attrlheted  to  Irradlatioa 

Percattaga  d  gnatenphila:  The  resaSa  are  prsaatoad  to  Pig.  I.ll.  file  dtoa,  whtoh  have 
heea  aarmllaad  with  reopaet  to  tha  ooatrol  vmlaaa,  ara  givaa  tor  aach  gsaog  for  tha  five  aaei- 
plat  tahao  to  aach  ttoM  parted  (T,  Md  T|).  TWra  to  a  hi#ty  ^  -  O.Ot)  tocniaa 

that  takas  ptaea  40  to  00  diya  podlr radlatiaa  Marawl  tovala  art  raaehad  at  vary  aaarOy  100 
daya,  aad  they  heva  cewthmed  aottl  tha  praeeat  ttow. 


(h)  rua#  Ptriad  t  940  to  <00  Days  A»arfrvwdi>ihaa.  fhr  all 
were  ao  dUforeacee  at  all  hetwaai  aar  irradlatad  aatoMle  aad  th 
race  raaatt  d  tha  irradtodoae  raedvad  la  lOfT.  The  racaeery  aattaed  la  toe 
d  the  parlpheni  Mood  ig  to  100  dqre  aae  eeeaottaUy  eestodeto  at  that  lUae,  eai  ae 
I  hava  ocearrad. 
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S.2.4  Discwsloa 


Of  tiiw  «ix  jmrun«$iar«  in  which  chsA^  w«r«  loaad,  wly  tluwo  abcwsd  an? 

JlMtiaf  cffoctA, h»aaofiobiar  {sLitelstii,  m&  ooctac^phU*.  Ilii*  ia  oot  to  U»t  tla«y  &rc 
i«t«  cfifecta  Kmt  rattwr  that  coinp!«C«  racwary  wm  not  affected  in  120  daya  bat  at  tcmt  later 
date.  Tkl*  recovery  is  prqportioosJ  to  total  doee,  aad  prohahly  the  threehold  Uee  betwees  10* 
and  890  radc  rader  the  Irradiation  conditions  of  thic  ahot. 

Tl«  eoeiBOgihllla  noted  Is  »ao«t  probably  an  “"o  €  rahoot"  pheswioeiKW  rnwolttn*  froia  two 
tautorg:  (!)  the  general  tendency  of  the  oiarrow  to  prodace  more  celle  after  the  loeece  due  to 
ridlatiOR  and  (8)  die  eesloas  "gtr^§"  cst  the  animals  Impocei  Isy  the  irradiatian  caoeed  a 
marhwi  eoatnopeida  daring  the  period  7  to  SO  daye  poetirradtation. 

la  general,  the  reepoaee  and  reealta  rt^reeeot  the  classical  picture  of  the  recults  of  sub' 
lethal  to  midlMihal  doses  of  ionising  radiation;  the  r^poiuM  le  iitetical  with,  but  a  lecser 
degree,  the  reaswase  in  the  monkeys  in  shot  WUson  which  received  ntuch  higher  doses.  There- 
tor*  Id  600  days  poctirradiatian,  there  are  few  or  no  reetdoal  effects  co  peripheral  hemtology 
la  the  Flseau  animals  that  survived  the  first  89  days. 

S  asa  it  be  aot^  that  the  animals  of  shot  Fissaa  coa^ndee  a  mlasd  gro^  of  males  and  fe- 
mahm.  Of  th  ntne  groi^  of  4  each  aimlyxsd  adthont  regard  to  eez,  22  were  malea 

sad  14  were  fmaalss;  five  ptn^s  contained  2  females,  and  ths  remslning  four  each  had 

1  Issaals.  farther  discussion  of  affects  in  relation  to  sea  diiferencee  will  be  covered  in 
Chap.  4. 
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Cli€ie»t«r  4 
BIHAVtOR 


4.1  WTRODUCnON 

P&fit  rM«urch  »t  tbs  Radiobiological  Laboratory,  eonductsd  arith  laalo  rbssus  mciidwjrs 
prwiOQsly  sxpossd  in  the  l«boratory  to  a  mUsd  soorcs  o2  gamoia  and  Matron  radiation,  foiad 
that  Um  effects  of  such  radiatioa  ex^Ktenre  Include  changes  in  cage  behavior,*  decreased  dia- 
tractibiUty,*  facilitated  performance  on  discrimination  problems  with  reduced  stiianlas  cues,* 
facilitated  delayed- responee  performance,*  and  some  deficit  in  vlstml  acuity  performance.****' 

The  preaent  Mrles  of  atudlee  waa  undertaken  to  determine  the  offeeta  of  the  field  espoeure 
of  the  monkeys  of  the  nzeau  shot  on  perfornunce  on  the  eame  and  similar  tasks. 

4.a  METBOD6 

4.2.1  Subjects 

ftxty-four  rhesus  (Macacs  mulatta)  monkeys  of  the  nsenu  shot  wore  used  as  subjects,  40 
males  and  24  females.  For  this  study  the  22  animals  of  the  control  groiv  and  of  radiation  sub¬ 
groups  I  and  J  constituted  radiation  dosage  grotg)  1,  the  22  aolmals  of  radiation  subgroupa  F, 

G,  and  H  cooatitsted  radiation  dosage  groiq^  2,  and  the  19  animals  of  radiation  subgroups  C,  D, 
and  R  constitated  radiation  dotage  group  3.  Grouping  in  this  nuumer  was  necessary,  la  ths  Ini¬ 
tial  study  to  be  reported  here,  to  meet  the  retpilremente  of  the  chi-B<|uiare  test  with  reiqpsct  to 
expected  frequencies  In  each  ceU.  The  came  grooplnga  were  matidalned  ia  suhsec  tent  testa  to 
r«Mlsr  the  appraisal  of  radlatlan  dosage  effects  comparable  from  test  to  test. 

4.2.2  Procedure 

(a)  Preliminary  Wiecomeia  General  Teel  Apparatma  (WGTA)  Traiming.  Hds  training  waa 
conducted  frma  June  9, 1998,  to  Aug.  4,  1988.  Its  purpose  was  to  irala  the  sobjecte  (1)  to  take 
food  from  the  test  tray  of  the  WOTA,  (2)  to  aseoctate  object  blocks  with  food,  to  respond  to 
object  Uocks  only  as  auch  response  le  lastrumental  in  procuring  food,  (4)  to  continue  reqponsc 
to  object  blocks  In  qdte  of  the  distraction  of  ths  sliding  screens  oi  ths  WOTA,  and  (8)  to  con- 
tlnue  ret^onst  when  only  0.50  of  responses  to  object  blodu  arc  rewarded  with  food.  A  sche¬ 
matic  drawing  d  the  WOTA  is  shown  In  fig.  4.1.  Tbs  program  tavolvsd  fivs  succesaivs  cri¬ 
teria,  which  were  tested  In  the  foliowing  order: 

1.  Criterion  0;  Jt  aa  animal  on  the  Initial  day  of  testing  failed  to  respond  Imnasdlately  to 
three  pieces  of  food  piaeed  on  tbs  front-center  surface  of  the  test  tray,  hs  waa  tested  to  the 
criterion  of  24  succeselve  procureaMnts  of  food  from  the  surface  of  the  test  tray  par  day  tor 
two  succsstive  days  before  b«dng  tested  on  criterion  1.  Bowever,  If  an  animal  oa  the  initial  day 
of  testing  responded  immediately  to  food  on  the  open  test  tray,  hla  tastlag  on  criterion  1  was 
b«cun.  Both  screens  of  the  WGTA  remained  up  during  all  tastlag  on  cxitsrlon  0. 
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2.  Crtfrlon  1:  A  rad-s«i«tf«d  oqitar*  mxKim  hiodi  mcMorlag  SVi  bjr  lV|  by  1%  in.  vm 
uMd  tbtai  tMt  M  veil  m  is  all  eiibce<sBeitt  teetii^.  Tbs  block  vm  cbslsed  to  tbe  teet  trsjr  to 
pre?eat  tbe  ssiBud  from  inlUog  it  to  bim  is  tbe  tMt  »ge.  Tbe  asiaasl,  oa  eecb  trial,  mv  a 
pl9C9  ot  food  placed  is  tbe  caster  food  veil  of  a  tray  barlsg  three  fdo^  n  <  ^ 

block  placed  over  tbe  baited  food  veil,  asd  vas  tbeo  gtres  as  qppoitnsity  to  puab  avay  tbe  bioek 
and  procure  tbe  food  revard.  Kacb  asisaal  utsler  this  cooditian  vae  tevted  to  Ute  crlterioa  of  24 
eoeeeeciTc  procurenusxta  (rf  food  revard  per  day  for  tvo  eocceeeive  days. 

2.  CrtterioB  11:  Teetiof  on  criterion  n  vas  tbe  same  as  on  criterion  I,  except  that  tbe  for¬ 
ward  screen  vas  dropped  daring  tbe  bolting  procedure.  Tventy-foor  -uacceestTe  reepoosee  per 
tfoy  for  two  eucceesive  days  vere  again  reijiiired. 

4.  Criterion  M:  Testing  on  criterion  IQ  vas  tbe  same  as  on  criterion  Q,  except  that  tbe 
blorit  vas  DO  longer  chained  to  tbe  test  tray. 

5.  Criterion  IV:  Testing  on  criterion  IV  vae  tbe  same  as  on  criterion  QI,  except  that 
manoal  response  to  tbe  block  vas  rsndomly  reinforced  vltb  food  only  half  tbe  time. 

S  an  aolmal  failed  to  respond  within  3  min  in  tbe  appropriate  manner  at  any  stage  of  tbe 
day’s  training  on  each  criterion,  bis  testlag  was  terminated  for  tbe  day.  Pieces  of  diced  i^iple 
vere  used  as  tbe  food  revard. 

After  completion  of  tbe  abore  training  procedere  for  all  animals,  testiag  was  initiated  on  a 
single  two-object  dlscrlmlnatioa  problem.  The  positive  of  tbe  tvo  objects  was  a  yellov-paiated 
square  wooden  block,  measorlng  3  by  3  by  *4  in.,  with  a  circolar  red-painted  wooden  l^orit, 
measuring  2  in.  in  diameter  and  *4  1a  depth,  euperinqpoeed.  Tbe  negative  sttmulus  object 
was  a  yeilov-pnintad  square  wooden  btock  with  tbe  same  dtmeosiona  as  tbe  base  of  tbe  positive 
stimulus  object.  Iscb  animal  vas  tested  24  trisls  per  day  on  this  diecrimittation  problem  to  a 
criterion  of  tvo  successive  days  with  three  errors,  or  fever,  per  day. 

(b)  Discrimination  Problems  with  Reduced  Stimulus  Cues.  This  training  vas  conducted 
from  Sept.  12  to  Ndv.  20,  19S8.  Tbe  stimalus  objects  for  this  training  vere  identical  to  those 
used  on  the  two-object  dlecriininstion  problem.  Bach  problem  on  this  task  consisted  of  tvo 
trials.  On  tbe  learning  trial  tbe  animal  vas  rewarded  for  rm^wnding  as  be  bnd  learned  to  do  in 
the  diecriffiination  training.  On  the  test  trlsl,  with  only  tbe  tvo  identlcaJ  yellow  wooden  blocks 
being  present,  he  vae  rewarded  for  response  to  tbe  position  that  vas  rewarded  on  tbe  leamlag 
trial.  Pocition  of  revard  vas,  of  coarse,  randomly  varied  from  problem  to  problem,  lacb  ani¬ 
mal  vas  tested  on  24  problems  per  day  for  32  days,  a  total  of  768  reduced-cue  dlscriulnation 
problems. 

(c)  Spatial  Delayed  Response.  Ibis  training  vas  conducted  from  Dec.  2, 1966,  to  Jan.  16, 
1999.  Tbe  stimulus  objects  vere  tbe  tvo  identlcsl  yellow  wooden  blocks  that  bari  been  used  la 
both  tbe  single  discrimination  training  and  tbe  training  on  dUcrimlnation  probfoms  with  re¬ 
duced  stimulue  cuee.  Standard  direct-method  spatial  delayed- response  teebniquee  vere  used. 
Tbe  length  of  each  delay  vas  10  sec,  and  tbe  c^que  screen  of  tbe  WQTA  was  raised  during 
each  delay.  Bach  animal  was  tested  24  trials  per  day  for  24  days,  a  total  of  676  qmtlal  delayed- 
respoose  problems. 

(d)  Visual  Acuity  Testing.  This  training  vas  conducted  from  Jan.  19  to  Mar.  9,  1999.  Tbe 
training  vae  intmided  to  evalnste  tbe  mlnlmum-else  figure  that  sn  snlma)  can  perceive.  Tbe 
problems  required  tbe  sntmsis  to  choose  between  blank  cards  sad  ca.rds  containing  black  dots 
of  various  siMs.  A  card  with  s  <fot  BMasuring  I  in.  in  diameter  vas  used  in  tbs  preliminary 
training;  and,  in  the  visual  acuity  testing,  five  cards  containing  dots  varying  la  dlamster  from 

1  to  Vm  used.  Id  tbe  j^Umtnary  training  each  aaimal  vas  teatad  to  tbe  criterloa  of 

21  correct  responses  (24  trials  each  day)  for  tvo  succasalve  days,  b  tbe  visual  acuity  tuMlag 
each  animal  vas  tested  24  trisb  per  day  for  five  days  on  each  of  tbe  five  remaining  <»rdi  given 
in  order  of  increasing  dUficulty.  Rssponse  to  tbe  card  containing  the  bbek  dot  vas  rataforced. 

(e)  Systematic  Observatioms  of  Cage  Bekmior.  Ibis  teafing  iaciudad  three  es  ageing 
periods.  Tbe  first  set  of  obaervatlons  vas  mads  from  iby  12  to  May  23,  1966,  tbe  eeooad  aet 
from  Nov.  10  to  Nov.  21, 1996,  and  tbe  third  aet  from  May  26  to  Juae  4,  1999.  Tba  ssetkodology 
foUovad  that  of  ^vlous  studlaa**^  aad  ronaiatad  of  ayataamtlc  obaarvatloaa  of  tbs  frae-cage 
babavior  of  tbe  aoonkey.  Ouriag  each  observatioa  tbe  aaimal  vas  placad  la  a  apaclal  boMtag 
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c&fps.  Thit  3  igr  s  bj^  3  fl  ttaa  ^nu  conttruetcd  of  atMl  bars  iilAccd  3  la.  apui 

eaattr-to-eanUir,  A  woodn  ca««  M  «a«  ti£Qx»d  to  ae«  eld*  of  the  cage. 

tt>  record  aa  obses’^tton,  Uie  eaperUBeater  eat  3  ft  from  Um  cage  aad  recorded  m  a 
ailneograiilMd  category  sheet  what  the  aaimai's  beharlor  was  every  10  secs  oit  the  lO-eec 
aaark.  Mace  each  oheervaftoa  was  of  S-mia  duratlan,  the  total  fre<|a«icy  count  for  each  animal 
for  each  ohaervatlaB  was  $0.  lach  awlmal  was  ohaerred  fire  timee  daring  each  of  Um  three 
sets  of  ohaervatlcns. 

Dm  behavior  categories  diseaased  here  tnclode  <1)  aoodlrected  locomotor  activity; 

(S)  ohject-directad  activity,  either  by  respone*  to  the  vooden  cage  bed  or  to  the  metal  cage 
parte;  aad  .'))  atteotlco  to  aoditory  ettmoli  occarriag  outside  the  teet  room,  lach  of  theee  cate- 
gorleo  had  differentiated  between  the  irradiated  aad  the  normal  intmals  in  prevloos  work.' 

4.3  RISULTS 

4.1.1  Preliminary  WOTA  Training 

Flgare  4.1  thowa  the  proportioo  of  animala  In  each  radiatloo  groi^  that  re^xmcIM  Immedl- 
ataly  to  food  oa  the  aarfac*  at  the  teet  tray  oa  the  Inltiai  day  of  testing.  Statistical  trsatmsnt  of 
thin  data  yleldsd  a  chl-aqoare  valus  of  16.44,  which,  for  2  degrees  of  frsedom,  is  beyond  the 
O.OCl  il(pilflcanc*  level.  The  probability  of  immedtste  reaponse  to  food  on  toltial  eiptMar*  to 
the  test  sitantlon  lacreanee  directly  with  relative  radiation  (toeag*. 

Ttfor*  4.1  aherva  the  median  onunbvr  at  days  to  criterion  lor  each  p'oiip  on  each  of  the 
last  fonr  criteria.  Only  with  re^^  to  criterion  1  wae  a  dilference  manifeeted.  Statletical 
aaalyale  of  the  data  for  criterion  I,  adag  the  naadtnn  test,  yielded  a  chl-sQuare  value  of  6.07, 
which,  for  1  degrees  of  freedom,  is  beyoad  the  0.05  eignificance  level.  The  median  days  to 
erttwrlin  were  aigeiflcantly  greater  for  the  animal*  of  groop  1  than  for  the  animals  of  either 
gronpa  1  or  2,  eeggeetlng  slower  aseoclation  of  the  object  block  with  food  reward  for  the  anl- 
amis  at  grtMg  1. 

flgare  4.4  coaaparee  the  groopa  arlth  reiqpect  to  proportton  of  aabjecta  la  each  grtmp  at 
or  hefow  the  coaamon  amdiaa  muaber  of  days  to  cHterion  on  the  sin^e  dtscrlminatioa  problem, 
ftatfotlcal  aaalyde  of  thee*  data,  ccwvnrf'vg  im^rttone  above  the  common  median  to  propor- 
tfons  at  or  below  the  common  meefiaa,  yialded  a  chl>*qoare  vaioe  of  7.98,  which,  for  3  degree* 
at  freedom,  ic  beyond  the  0.02  eignificance  level. 

4.3.2  Dteertminatton  Problems  with  Redoesd  SUmalus  Cues 

71m  psrcsntage  of  errors  for  soccessive  four -day  periods  of  tsstiag  cm  the  dlscrtmlnatlao 
probtoam  with  redaced  stlaralas  eees  Is  shown  la  Dg.  4.6.  Tbs  nppsr  portton  of  Fig.  4.6  shows 
ths  data  tor  nil  ths  aalmals  of  sach  dosage  group,  ths  mlddls  portion  shows  ths  data  for  the 
amle  animals  only,  aad  the  lower  portion  shows  ths  data  for  ths  fsmals  aalmals  only. 

Sfotietical  analysts  of  ths  srror  data  for  all  ths  animals  of  sach  radlatloo  group,  using  a 
mlasd  type  aaalyms  of  varlaacs  deeiipi,  yielded  no  aipdficaat  difference  between  radtatton 
gmupa  ^  *  O.SO),*  a  stgntflcant  practice  effect  (p  0.001),  aad  so  groups  by  practice  iater- 
actfon. 

A  ala^lar  aaalyals  tor  the  error  data  of  the  nmlee  yielded  identical  results.  The  reeulte 
of  the  aaalysle  for  ths  females  were  the  saaM,  with  the  aaeeptioe  that  the  differeac*  between 
redfotSOB  groupa  did  aot  reach  the  O.SO  significaace  leval. 

4.1.1  %kdal  Delayed  Rsaposne 

The  perceatags  of  errors  frr  seccsealve  fbur-diy  periods  of  isatiag  on  the  spatial 
dsiayed-raspoiMS  pwhieam  la  shows  la  fig.  4.6.  Tbs  upper  portioa  of  Fig.  4.6  shows  ths  diua 
for  all  naimals  in  each  dosage  group,  the  aOddls  portton  ahewe  ths  dau  for  the  ami*  aalamle 
only,  aad  foe  lower  portton  ahowe  the  dhta  tor  the  fmaale  aalamla  only. 


*1b  permit  a  aohjeettve  evalaatlaa  of  Jsisk.  prohahiHflee.  all  dUforeneee  ia  this  aad  eubae- 
gMnt  awalyaea  at  or  hsyeai  the  0.09  rlgsiflceace  level  are  presented. 
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Flf  ■  4.2 — Propcfttoa  oi  aataiitk  ta  M<k  gnoap  tlMt  rupnadad  tauMMUauly  to 
fooi  OB  ialtUl  day  at  taattef. 


t  ^  111 

uauB 


Fif .  4.3*— Madias  nissbar  at  dayt  to  cfttartos  for  sack  ftoai^  ^  critarts  I  to  FV- 


I  I 


IfifiSd 

Flf-  4.4— yrsfortiai  of  ■dk>ac«i  Is  sack  psi^  as  «r  ksiMr  tka  rasiians  aisdMs 
sassiMft  of  dai«  to  cHtsiiaa  oo  ths  tlsflt  ihw  rtsi  loattBs  ywAlsm. 


Statistical  anai7ala  of  tlM  a?ror  data  for  all  tiM  anlmala  at  mch  rwMMtUm  groop  jialdad  ao 
algnlflcact  diffaraace  l^itwaan  radUtion  grotipa,  a  algnlDeaat  practlea  affact  (p  «  0.001),  and  no 
groopa  by  practica  Intat  actlon. 

The  analy^a  baaad  on  tha  arror  data  for  tha  maiaa  ylaldad  a  alpilflt^ant  dlffaranea  batwana 
radiation  groupa  (p  «  O.OS),  a  al^flcant  practica  affact  (p  *  0.001),  and  a  algnlfleant  groopa  by 
practica  Intaractlon  ^  «  O.OS).  Tha  raaolts  of  tha  analyata  for  tha  fanuUaa  ylaldad  a  atgnlfieant 
practica  affact  (p  »  0.001),  with  the  other  affacta  not  achlaalng  tha  0.20  alfaillcaaea  laanl. 

4.3.4  Vlanal  Acuity  Taating 

Tha  radiation  groiqia  did  not  dlffar  algolficantly  with  raapact  to  triala  to  crltarion  on  tha 
pralimlnary  training  of  tha  viaual  acuity  taadlng.  Iha  SMaa  arrora  for  anch  of  tha  flea  prob- 
laata  of  tha  rlanal  acuity  tenting  are  ahovc  in  Fig.  4.7.  The  problama  ara  arraagad  from  left 
to  light  In  erdar  of  dacraaalng  aUa  of  the  dot  to  be  dlaciimlnatad.  Iha  oppar  portion  of  F!g. 

4.7  ahowB  tha  data  fur  all  the  anlmala  of  each  doaage  group,  the  middle  portion  shova  tha  dMa 
for  tha  mala  anlmala  only,  and  tha  lowar  portion  iihova  tha  data  for  tha  famala  anlnala  only. 

Statlatlcal  analyala  of  tha  arror  data  for  all  tha  of  aach  radlatloo  group  ylaldad  no 

algnlfleant  dlffaranea  batwaen  radiation  groupa  (p  «  0.20),  a  aigntfleant  dlffaranea  batvaaa 
problama  (p  »  0.001),  and  a  algnlfleant  grevpa  by  problama  Interaction  ^  >  O.OS). 

The  analyala  of  the  error  data  (or  the  malea  yielded  only  a  algnillcaat  dlfferance  baCwaan 
problema  (p  0.001).  The  reaulta  of  the  analyala  (or  tha  (amalea  ylaldad  atmllar  ranulta,  wtth 
the  exception  tha^  the  groupa  by  problema  Interaction  reached  the  0.20  algatfleance  Icrel. 

4.3.5  Syatematlc  Obeervationa  of  Cage  Behavior 

The  mean  fre<|uency  of  attention  to  auditory  attmoU  occurring  ontalde  the  teat  room  for 
each  of  the  three  aucceaalve  nbservatlao  pciioda  la  ahown  in  Fig.  4.1.  Tha  i^per  porfloa  of 
Fig.  4.8  ahowa  the  data  for  all  anlmala  la  each  donaga  groiqi,  the  middle  portloa  ahova  the  rhita 
for  the  male  anlmala  only,  and  the  lower  portion  ahowa  tha  data  for  the  feaaala  anlmala  only. 

Statlatlcal  analyala  of  tha  frequency  data  for  all  the  animate  of  each  radiation  group 
yielded  a  algnlfleant  difference  between  radtatlon  groupa  (p  »  0.01),  a  alfalflcaa*  H«e«  effect 
(p  «  0.02),  and  no  groupa  by  time  mecraction. 

The  analyala  (rf  the  frequency  data  for  the  nmlea  yielded  a  algnlflcaat  difference  between 
radiation  groupa  (p  ”  0.02S),  no  alpilficaat  time  effect  ^  ~  0.20),  and  ao  groupa  by  ttsM  later- 
action.  The  analyala  (or  tha  fansaiaa  yielded  no  algnlfleant  effecta.  TV  time  affact  (or  tha  fa- 
malaa  waa,  however,  at  the  0.10  atgnlflcaace  level  and  the  imeractlao  affect  at  the  O.SO  rtgnlfl- 
cance  level. 

The  mean  fre<pic*^cy  of  cairt  reaponaea  for  each  of  tha  three  obeer  ration  pertoda  la  ahowa 
In  Fig.  4.8.  The  epper  portion  of  Fig.  4.8  ahows  the  data  for  all  aalmala  la  each  doanfie  groap, 
the  middle  portion  ahowa  tha  data  for  Ote  nmla  animals  only,  and  the  lower  portion  ahown  the 
data  for  the  feauJe  animale  only. 

Statlatlcal  analyata  (rf  tha  (requnney  data  for  all  tha  aninBsla  of  anch  ndfottaa  group 
ylaldad  no  slgnlflcam  dllferance  batuaan  ndUUtem  groups  {p  «  0.20),  a  alfaiflcant  time  efiect 
(p  »  0  001),  and  no  groupa  by  time  Interaction. 

Analyala  of  the  frequency  dhta  for  the  male  anlmala  yteldad  no  mpdficant  dUforence  be¬ 
tween  radiation  groupa  tg  «  O.IQ),  a  aifnifieaat  Uom  effect  ip  •  O.OOS),  and  ao  groupa  by  tlnm 
Interaction.  Analyala  (or  the  (eaaales  yielded  a  atcalflcant  difference  between  mdUtlon  groupn 
(p  «  O.OS),  .no  time  effect  (p  •  0.10),  and  no  lnt¥f.^?iiOtt. 

fo  the  analyeln  of  the  (reqeeacy  data  ooncemed  with  locomotor  activity,  aone  of  tha  efieeta 
reached  the  O.OS  slpslflcance  level. 

4.4  OISCU8BION 

The  data  of  the  firat  of  the  eerlea  of  atadiea  reported  here  ehow  that  the  higher  the  done  of 
prevloua  whole-body  irradiation  (within  the  swage  of  the  doeagee  uned),  the  granter  tha  preha- 
bllity  of  immediate  reaponae  to  food  by  aKayurya  whan  fimt  placed  in  tha  WOT  A;  tha  akwnr  the 
aneoctatfon  between  an  ub)tct  block  and  food,  and,  once  aech  an  aaaoctattom  hna  hnan  tormad, 
tha  (aster  the  dtacrlndantloa  betwaea  a  (ood- rewarded  and  a  nonfood- rewarded  object  bioeiL 
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Itewo  bOMd  oa  na  grt/ap  ot  aaiatalc  aRrt>i»ct«d  to  flold-adml^stoifod  riutt" 

attoe  ratter  ttea  to  nMtetSoR,  prorite  eonflriaitloB  ot  ab  HppottesU 

profkRBSly  ftdv«BO«£  bf  UeDovoU  Mta  Eroim.* 

Tteoc  lAvectieilor*  bjrpoeteciMd,  to  •uptaiw  olfocts  of  frrttdUtlofi  ite  |  r> 

foraMoeo  noitteye  oa  d^riaaia^oe  gwoltioffia  with  r«^e«di  stlisutei  cam,  ttet  prcrloss 
irmtet^  olofstofl  tbrootebto  tor  all  roapoatw  to  tte  irtiuaU  tn  tte  aaiaeal*s  anriroBO  to  tte 
e&aus  dofTM.  Ooa««qpuH(iy,  tte  nmpoem'^prorokiBg  i»t«)iiallti«t  of  tte  w««ter  ^moU  Ar« 
rodM^  ^  loit,  a»d  aa  faeroMOd  percoitefo  oi  total  reopoooes  ar«  dtroctod  ic  tte  •troBjor 
•ttanU.  ib  tte  fbnd  of  be  preecBt  cerles  of  etadlee  ta  Uae  vitb  tb?^  ta^intteste,  tte  Mgter  tte 
prevloiw  doeaee*  be&ar  tte  reepoeoe  to  food  (ibleh  is  n  relatively  eiraeg  sUanolue),  tte 
akrver  tte  rmpam*  to  a  voodee  object  btodt  (^ch  ia  a  relatival}'  veek  stlnselca),  and  tte 
tester  tee  teecriatiaatioa  of  a  ''lod-rewarded  dbitd  block,  alter  6b;iect  blocka  ted  accfsirad  tte 
■tiaaelaa  vateo  9l  food. 

'Ste  fifidl»8)i  tor  the  stale  rateation  doeafe  grot^e  <d  tte  pretest  certee  of 

ateddee  oa  apatial  deUyed-re^osae  pertorstattee  and  os  etiMttios  to  sodHtory  atiatnli  occurring 
oataide  tte  toat  room  are  ta  acoordamte  vtte  prerioea  finetiaga  by  McDoeeil*'*  and  Broem.'  to 
additios,  tiw  treads  a^ggseted  ia  tiie  aaalyaca  of  tee  date  for  tte  saale  radtation  doeage  group 
astestia  oa  teaertmlaatios  prohlaiaa  vite  redaead  attiaitina  euoa  and  oa  rei^oBaea  to  cage  parta 
are  ia  tea  dtreetioa  of  agreesMst,  altiioagh  tte  difiereseea  do  not  isach  tte  couveaticnal  ievela 
ai  idfaifieaaee,  with  previone  reaaarctea.*'^ 

fte  obaervwf  dtfitereacee  h^weea  malee  aad  feasdes  relative  to  tee  radiation  d^mesaioa 
oa  tte  foer  ateve-aiaetioaed  vartebfM  at^ggsat  tte  aaed  tor  iaveatigationa  of  tte  aes  variable 
M  it  rtdaiee  to  perfomBaace  aad  radtetioa.*  Tteac  fiadtaga  readar  qaeatioaable  geeerallaatioa 
firaoi  oay  of  tte  teteviorai  aaalyaea  eiileh  are  baaed  os  all  tea  aaiasala  of  each  radiatioa  doeage 
grenp. 

fte  fledtega  on  tte  vtauai  acalty  toetiag  of  tte  present  acriM  of  atud&ea  atew  no  deficit  in 
sistisnsi>aiae  dtacrisilaatiOB  aa  tee  relative  radtetion  donge  iacraaaee.  Oa  tee  contrary,  a 
toeilitatSon  seeata  aaiEPated  on  the  store  ^dfficuit  dtacrimtaatlOBS.  Tte  contraat  between  tteee 
flsdingt  and  tteM  of  Oavia  et  al.^  aad  Brown  aad  McBowall*  maat  await  further  reeearch  for 
reaobdioa.  Baste  of  tte  poaaible  eourcee  cd  dlfferonce  may  be  differeati&l  radlatiOQ  aourcea, 
dtStnesttal  dotage  ratee,  age  of  tte  aatsialB  at  time  of  expocure,  or  the  calendar  time  betwees 
testlag  aad  espoaure.  Ite  laat  of  tiieae  potalblc  aourcea  of  difference  ^pseera  to  be  tte  stoat 
^obaMe  to  tte  authore. 
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CkcBpfw  5 

CONCLUSIONS  AND  RECOMMENDATIONS 


5.1  CONCLU8IQII8 

8.1.1  CUalcal  ObMrvattoM 

(t)  Utikality.  The  13  nainatle  eerriCftij  aUve  from  WUacn  atot  and  the  M  aolmale  cur- 
rentljr  alive  from  Flsaao  shot  ahov  no  ciiaieal  eymjitom*  that  woald  ailovr  aa;  apeciflc  profiio- 
ala  ol  death. 

9>)  WtiffiU.  Weight  loeeee  dee  to  irradtatton  have  been  recovered  la  all  survlvora,  aad 
terther  chaagea  should  be  very  aiaidlar  to  thoee  aeea  la  the  aoroml  eoatrol  OMnkeya. 

(e)  Opktkalmology.  XMlalte  eataraetogeneala  haa  been  obaerved  at  the  ead  of  the  second 
year  goatirradlatlaa;  thla  dSBiaga  is  gmairally  pt'q^rtlonal  to  the  rad  dose  received,  with  a 
threshold  aaar  303  to  333  rads. 

(d)  Otker  Parmmtt*r».  M  the  date  of  thla  report,  the  aalmala  that  suffered  from 
voaodtlag,  anorexia,  diarrhea,  purpura,  and  «vilatloo  resultlag  from  the  exposure  to  nuclear 
ewaastlnns  have  recovered.  Of  all  these  paraaaetcrs,  lens  damage  appears  to  be  the  only  late 
eOset  with  cUalcal  auuilfestatiaBS. 

9.1.3  Beautology 

(a)  Wiltom  Shot.  Krythroid  elements  of  the  peripheral  blood  recovered  by  940  daye; 
larger  danbere  of  megaloblastic  cells  appear  to  be  present  right  up  to  the  tims  of  writing.  For 
ths  63>  to  940>day  postexposurs  pstiod,  moct  Isukocytic  cells  show  a  dsprsssion  below  coacur- 
rent  control  valnee;  aa  anlaial  that  died  daring  this  psrlod  showed  practically  no  lymphocytss 
la  ths  elrenlattoa.  Tbs  dscreass  la  variablUty  of  whits  blood  call  counts  aotsd  in  chronicmlly 
Irrsdiatsd  SMoksys  was  not  ssen  la  shot  Wilson  saiaonls. 

rUtam  Shot.  Ths  rsdUttoa  duasgs  resultiag  from  exposurs  to  ths  anclsar  dstonatlae 
fwhiek  sppssred  durlag  ths  first  30  days  postsxpoeure)  has  now  (about  31  axonths  postirradis- 
tton)  bass  rspalred. 

9.1.3  Bshavlor 

K  SMMrt  bs  concluded  thnt,  with  re^rd  to  prelladanry  WQTA  traialag,  dtecrisdsetlon 
problems  with  rsdseed  sttaanlas  cues,  tpstisl  dslsysd  rsaponse,  aad  systsaastlc  ohnsrvatlons 
of  ongo  bohnvior,  ths  i^rovlons  labmtory  fladlags  hsvs  bsan  couflrmsd  uador  ths  comttaoas  of 
Irmdlstlan  la  ths  fisid. 

Ths  toctUtstlon  of  viounl  acuity  as  tha  relative  radiation  dMSgst  laeronoo  may  prove  to  be 
of  great  latsrest. 
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9.S  RXCOMMIMDATtONS 


9.2.1  Clinical  ObcanratiQiM 

Lethality.  Ail  tiw  mirTlirfns  animala  slaaeld,  if  fOMibla,  be  me' iadailsitcly  to 
obMrvt  mortality  and  datormina  to*  ca«w«  of  dsatli  and  any  cbii^£  in  Ufa  a^an  or  ^mntolofy. 

0»)  Wei^.  tinea  thaaa  data  ar«  always  maintalaad  in  tiw  j^raettea  *4  food  anlBaal  Iwa- 
baadry,  thay  atam^  ba  ualysad  and  intarfiiratad  at  freqoant  iatarraia. 

(c)  Ophthalmology.  It  ia  fait  that  tba  eatefory  I  aalaaia  aboaid  ba  atadiad  at  latot  .aua  of 
aia  oumtba  to  ona  year  in  a  contlnaiag  anarch  for  the  loaat>detactabla  raaalt  of  tha  typa  o!  ra¬ 
diation  ai^ployad.  Bnamtnatiop  at  the  category  H  animala  ahooid  now  ba  doaa  at  more  fraqwid 
inteirala,  perhapa  every  90  days,  to  watch  for  progresaioa  of  the  changei  alraa^i^  praaaod  and 
to  detect  the  aiq^aaraace  of  new  dtongea  ahooid  thaae  occur. 

5.2.2  Hematology 

Sampling  for  all  surviving  Operadoa  Plumki»9b  animala  ahooid  contlnBe  on  a  temlaasuai 
basis.  Approximately  24  montha  from  the  time  of  this  report,  it  woukl  proaaMy  be  of  con- 
eiderabie  intereet  to  sample  the  peripheral  clrculatione  weekly  for  five  -Vtieka  and  once  apJn 
to  analyse  and  Interpret  the  results. 

6.2.9  Bahavlor 

The  value  of  further  observations  to  confirm  the  long-terr  ~  b«*hKvwr,  to  dai..on- 

Ktrtte  or  disprova  the  apparent  facilitation  of  vieual  acuity,  and  to  amplify  ttn.  differential  sex 
rcfponse  indicated  cannot  be  overestimated. 


